Water conservation is an important function of forest ecosystems, but it is still unclear which forest types function best in this regard. We investigated the water conservation function indicators including the water-holding rate of branches and leaves (BLwr), water-holding capacity of litter (Lwc), water absorption rate of litter (Lwr), soil infiltration rate (Ir), soil and water content (SWC), soil water storage (SWS), and soil organic matter (SOM) accumulation of five forest types (Larix gmelinii forests, Pinus koraiensis forests, Robinia pseudoacacia forests, Pinus tabulaeformis forests, and mixed forests) and evaluated them using the gray correlation method (GCM). The results indicate that the BLwr of five stands in the study area varied from 18.3% to 33.5%. The SWC and SWS of the R. pseudoacacia stand were 13.76% and 178.9 mm, respectively, which was significantly higher than that of the other stands (p < 0.05). The SOM was similar for the R. pseudoacacia (0.23%), mixed forest (0.22%), and L. gmelinii (0.22%) sites. The BLwr, Lwc, Lwr, SWC, and SWS values of broadleaved tree species were higher than those of the mixed species, followed by those for coniferous tree species. Soil infiltration rate followed the order L. gmelinii > P. koraiensis > mixed forest > P. tabulaeformis > R. pseudoacacia. Based on our results, the R. pseudoacacia stand had the highest water conservation ability, while the lowest performance was found for the P. tabuliformis site. This suggests that, in order to enhance the water conservation function of forests in northeastern China, the focus should be on the establishment of R. pseudoacacia forests.
Introduction
Forest ecosystems are the most widely distributed, complex, and abundant terrestrial ecosystems. They have numerous hydrological functions, such as water conservation, water regulation and flood mitigation, and water quality improvement [1] [2] [3] . Several ecological issues, such as frequent floods, soil erosion, and land desertification, are closely related to the degradation of forest ecosystems, thereby impeding the water conservation function of forests [4, 5] . In forest ecosystems, precipitation is redistributed in the tree, shrub, grass, litter, and soil layers, resulting in soil water conservation, groundwater replenishment, reduced surface evaporation, and river runoff regulation [6] [7] [8] . The water conservation function of forests is greatly influenced by species composition, stand structure, soil type, and external disturbances [9, 10] . Most studies on forest water conservation have focused on the role of vegetation and the relationship between forest soil and water conservation [11] [12] [13] [14] , while studies on the water conservation capacity of different forest types are scarce. Evaluating the capacity of forests to conserve water is a research hotspot, and numerous measurement methods have been developed in the last 100 years [15] . However, so far, there is no clear definition of the water conservation function of forests, mainly because it is perceived and measured differently by different authors [15] . However, different measurement methods inevitably have their own advantages, characteristics, and limitations. Multivariate regression and the comprehensive water storage method are applicable at the regional scale of small watersheds, albeit with complex calculations [16, 17] . The Gray correlation method is widely used as a relatively simple and reliable analysis method [18] . The results of this method are accurate and can be used to analyze the development trend of a system. In addition, there is no requirement in terms of sample number, and a typical distribution law is not needed because the amount of calculations is relatively low [19] [20] [21] .
The mountainous area of Eastern Liaoning is a typical seasonal dry area in China. Precipitation is unevenly distributed (about 70% of precipitation occurs in June-September), with serious water shortage [22] . Against the background of a warming climate, these water shortages will be aggravated, restricting the water conservation function of vegetation in this area [22] . Only by adapting to this arid environment, plants can maintain their ecological benefits and functions. Larix gmelinii, Pinus koraiensis, Robinia pseudoacacia, Pinus tabulaeformis, and mixed forests are widely distributed in the eastern Liaoning Mountains [22] . After long-term natural selection and co-evolution, they have shown a strong ecological adaptability. However, we do not know which forest type has the highest water conservation capacity, making it necessary to compare these forests, incorporating global climate change data. In this study, based on the mechanism and definition of the water conservation function of forest ecosystems, from the perspectives of canopy water holding, litter water holding, litter water absorption, and soil water storage, the water conservation capacities of different forest stands in northeastern China were evaluated using the gray correlation method.
Materials and Methods

Study Sites
The study was conducted in Monkey Stone Forest Park, which is located on the Zhaojia Forest Farm, Xinbin Manchu Autonomous County, Liaoning Province ( Figure 1 ). It is a typical glacial landform with a total area of 1935 hm 2 and a slope of 10-36°. The average elevation of the study location is 520 m above sea level. The region is characterized by a seasonal continental climate in the northern temperate zone, with a large temperature difference between mornings and evenings. The average annual temperature is 7 °C, with an average annual rainfall of 790 mm and an average annual amount of sunshine of 2262 h. The forests in the study area are mainly secondary forests and plantation forests. The soil type is tidal brown soil, with an average soil thickness of 120 cm. Most of the plantations are coniferous forests dominated by Pinus koraiensis (17.3%), Pinus tabulaeformis (16.4%) and Larix gmelinii (14.8%), while the secondary forests are mainly composed of broad-leaved species common in northeastern China, such as Robinia pseudoacacia (14.1%), Quercus mongolica and Ulmus pumila. The shrub and herb layers are distinct and include species of the genera Euonymus and Syringaoblata. Figure 1 . Geographic location of the study area.
Experimental Design
In June-September 2018, we selected three typical sunny days of each month. For sampling, we selected five typical water conservation forests with the highest proportion, namely P. koraiensis forests, R. pseudoacacia forests, P. tabulaeformis forests, L. gmelinii forests, and mixed forests. In each forest type, six standard plots with an area of 20 × 20 m were established, and in each plot, three litter sampling plots with an area of 30 × 30 cm were randomly set up ( Table 1 ). The sample plots were relatively close and have the same average soil depth. The age, height, DBH and other information of trees were investigated according to the Forest Health Survey Manual [23] . In each selected standard sampling plots, we collected six fresh branches with diameter of 0.3-1 cm and annual leaves, respectively, and weighed them (Mo) [23] . The samples were placed in a standard cloth bag (750 mL), which was then placed into water until saturation. Subsequently, the material was removed from the bags and the free water on the surface was soaked up with filter paper, removing all water droplets. The samples were then weighed again, and the weight was recorded as M1; the water-holding capacity was calculated as follows:
Litter
After establishing a sampling plot of 0.3 × 0.3 m, the thickness of the litter layer within the plot was measured with a steel tape ruler [23] . Subsequently, the living vegetation was removed, then the non-decomposed and decomposed litter layers were collected, weighted, and stored in a net bag. The samples were transported to the laboratory and oven-dried at 65 °C to constant weight. Based on the dry weight, the litter stock was calculated, and the dried litter was immersed in water. After 0.5, 1, 1.5, 2, 4, 6, 8, 12, and 24 h, the litter was taken out, excessive water was removed, and the samples were weighed again to determine the water-holding capacity for each time period. After 24 h, the mass was basically unchanged, and therefore, the water-holding ratio after 24 h was considered the maximum water-holding capacity. The water holding capacity (Wc) and water holding ratio (C) can be expressed as follows:
where Wm (g) and Wo are the wet mass of litter soaked for 24 h and the drying quality of the litter, respectively.
Measurement of Soil Infiltration Rate
In all five forest types, we randomly selected three sampling points. In each point, we used an inner iron ring (10 cm in diameter, 30 cm in height) and an outer ring (20 cm in height, 30 cm in height) to penetrate the soil of the 0-5-cm layer [24] . During the measurement, a certain amount of water was added between the outer and the inner ring (with a water depth of 1 cm), and subsequently, water was added to the inner ring (the water volume was assessed based on the scale of the small steel ruler). When the water depth in the inner ring had decreased by 0.5 cm, water was added to reach 1 cm, and we recorded the time (in minutes) it took to reach the 1-cm water mark.
Soil Moisture and Nutrient Determination
From all five sites, in undisturbed soil patches, we sampled the soil layer 0-10, 10-20, 20-40, 40-60, 60-80, and 80-100 cm by a soil auger, taking three replicate samples per layer. The volume of each sample was 400mL. A part of the samples was homogenized in aluminum boxes and transported to the laboratory to determine the water content, while the other part was used for the measurement of soil organic matter. The soil organic matter content was determined via the potassium dichromate volumetric method [25] , while for the assessment of the soil water content (SCW), the soil was ovendried at 105 °C until constant mass [26] , and the percentage of the lost mass in the sample was calculated. Soil water storage was determined as follows:
where SWC is the soil water content, VWS is the volume weight of the soil, and L is the soil thickness.
Using the Gray Correlation Method (GCM) to Evaluate the Water Conservation Capacity
First, we calculated the absolute value of the difference between reference sequence (Y0) and the comparison sequence (Yi) in each corresponding point as follows:
Here, Yi and Y0 are the comparison series and reference series, respectively. Each test indicator (maximum value) is expressed in the value of the reference series.
When using this approach, the original data are standardized, and the evaluation of each index must be translated into actual values, according to the reference series data. The influence of each index size should be eliminated [27] .
We used the formula Yi(k) = reference data/original data sequence to perform nondimensionalization, restoring the data to the [0, 1] interval.
Subsequently, we determined the correlation coefficient using the difference between secondorder maximum (Yi(k)max) and the second-level minimum (Yi(k)min), as follows:
where, ξi(k) and Y and Yi are the reference curve and the relative value of the k point, respectively. The Y sequence is positive in 1 ≤ i ≤ m and at the k point, just at Δ0, i(k) is the absolute value, and ρ is the resolution coefficient ranging from 0-1. Δmax and Δmin are the maximum and minimum values of the absolute difference in each point, respectively. Here, ρ was artificially set to 0.5. The formula of ri can be expressed as
where ξ and ri are the gray correlation coefficient and the degree of the gray correlation, respectively. The coefficient of variation Wi can be calculated as follows:
Subsequently, we calculated G (k) with the correlation degree value:
where, G (k) is the gray comprehensive evaluation value.
Statistical Analysis
We used the statistical software package SPSS 16.0 for data analysis. The means and standard deviations of each group were calculated by descriptive statistics. First, the SOM and SWC (n = 18 for each soil stratum) were analyzed by using two-way ANOVA, with soil depth and treatment as the independent factors. We also used one-way ANOVA to test the effects of BLwr, Lwc, LwrIr, SWC, and SWS on all treatments. If necessary, the water-holding rates of feasible water sources were compared using Least Significant Difference
Results and Discussion
Water-Holding Rates of Branches and Leaves of Different Forest Types
The water-holding capacity of branches and leaves is an important index reflecting the water conservation capacity of the canopy, determined by canopy density and water-holding capacity together [28, 29] . In this sense, the greater the water-holding capacity of branches and leaves, the better the water conservation capacity [30] . The water-holding rates of the branches and leaves from the five forest types in the study area varied from 18.3 to 33.5% (Figure 2) , with the highest levels (p < 0.05) for the R. pseudoacacia forest (33.5%) and the lowest (p < 0.05) levels for the P. koraiensis forestt (18.3%), with a difference of 45.37%. The P. tabulaeformis and L. gmelinii forests showed 34.62% and 41.19% lower values, respectively, than the R. pseudoacacia forest. The water-holding rates followed the order R. pseudoacacia > mixed forest > P. tabulaeformis > L. gmelinii > P. koraiensis, indicating that broad-leaved tree species have a higher water-holding capacity than coniferous tree species, most likely because of the larger leaf area. Similar results have been observed previously [31] . Harris et al. have also demonstrated that the water-holding capacity of broad-leaved trees in the same research area was greater than that of conifers [32] . The water absorption capacity of branches and leaves was not only related to their size, but also to their water absorption characteristics [33] . Rough leaf surfaces have a stronger water holding capacity than smooth ones [34] . 
Water-Holding Capacity and Litter Rate under Different Forest Types
The water-holding capacity of the litter showed a good relationship with time. Within 2 h of initial immersion, the values increased rapidly (Figure 3 ); after this, the rates decreased, and the water-holding capacity basically reached saturation after 24 h. Generally, partly decomposed litter has a higher water-holding capacity than fresh litter in the same stand. The maximum water-holding capacity of decomposed and partly decomposed litter ranged from 5.04 to 12.35 g/kg and from 8.57 to 16.40 g/kg, respectively. The average maximum water-holding capacity of partly decomposed litter was 56.75% higher than that of non-decomposed litter. Among the non-decomposed litter, the maximum value was 12.35 g/kg, which was significantly higher than that of the other stands (p < 0.05). The lowest value was found for the P. tabulaeformis stand (5.04 g/kg), which was significantly lower than that of the other stands (p < 0.05). The water-holding capacity followed the order mixed forest > L. gmelinii > R. pseudoacacia > P. koraiensis > P. tabulaeformis. The relationship between litter water absorption rate and time could be expressed as an inverse J-shaped curve ( Table 2 ). The water absorption rate of litter changed most rapidly within the first 2 h of immersion, with a subsequent rapid decrease (Figure 4 ). The decline slowed down gradually within 2-10 h and stopped after 10-24 h. When the litter was immersed in water, the water absorption rates differed among the five forest types. With a prolonged immersion time, the same trend was observed for water uptake, indicating that the water-holding capacity of litter had reached saturation. In general, the water absorption rate of partly decomposed litter was higher than that of nondecomposed litter. The maximum rates ranged from 9.56 to 29.01 g kg −1 h −1 and from 24.37 to 54.81 g kg −1 h −1 for non-decomposed and partly decomposed litter, respectively. Among the partly decomposed litter samples, the maximum water absorption rate of L. gmelinii litter was 54.81 g kg −1 h −1 , which was significantly higher than that of the other stands (p < 0.05). The maximum water absorption rate of P. tabulaeformis litter was significantly lower than those of the other stands (24.37 g kg −1 h −1 ; p < 0.05). The water absorption rate followed the order L. gmelinii > mixed forest > P. koraiensis > R. pseudoacacia > P. tabulaeformis. Water-holding capacity and water absorption rate of litter are related to litter characteristics and reserves. Dunlop et al. state that the decomposition degree of litter in larch and mixed forest stands was higher than that in other forests [35] . The thickness and decomposition degree of litter are the main factors that determine the water absorption capacity of litter [32, 36] . In addition, dryness and microbial activity of litter are also important factors affecting its water absorption capacity [37] . 
Soil Infiltration Rates under Different Forest Types
Initial infiltration rate, steady infiltration rate, and average infiltration rate are three commonly used indicators to evaluate soil infiltration performance [38] . However, besides the physical and chemical properties of soil, the initial infiltration rate of soil varies significantly with the initial soil water content [39] . Therefore, to eliminate the influence of initial soil water content, the steady infiltration rate was used for comparison in this study. The variation of the infiltration rate with infiltration time followed an "inverse J" curve ( Figure 5 ). Across all forest types, the values were highest within the first 20 min of soaking, with a subsequent rapid decline. After 20-120 min, the rates tended to be stable. The rate for L. gmelinii was the highest (9.45 mL min −1 ) and was significantly higher than that of the other forest types (p < 0.05), while the lowest rate was observed for R. pseudoacacia (4.49 mL min −1 ). The rate of L. gmelinii was 2.10 times that of the rate observed for R. pseudoacacia. The mixed forest site showed a rate of 6.38 mL min −1 , which was 25.17 and 32.53% lower than that of P. koraiensis and L. gmelinii, respectively, and 42.0 and 3.0% higher than that of R. pseudoacacia and P. tabulaeformis, respectively. The rates followed the order L. gmelinii > P. koraiensis > mixed forest > P. tabulaeformis > R. pseudoacacia. These differences among the different forest types may be due to the different contents of soil pores and soil aggregates. Dunkerley et al. have demonstrated that the more compact the soil, the smaller its porosity and the lower the steady infiltration rate [40] . With a higher aggregate content, the number of soil pores increases, resulting in improved soil ventilation and permeability and in enhanced soil stability, preventing the formation of soil surface crusts [41] . The aggregate content was highest in the soil from the L. gmelinii site, which therefore had the highest seepage stabilization rate. 
Soil Water Content and Storage under Different Forest Types
Soil water content is mainly affected by precipitation, soil evapotranspiration and surface cover [42] . The soil water content differed significantly among the five forest types ( Figure 6 ). The average soil water content of the R. pseudoacacia stand was 13.76%, which was significantly higher than that of the other stands (p < 0.05). The soil water contents of P. koraiensis and P. tabulaeformis were 10.25% and 9.56%, respectively, and 25.46 and 30.49% lower than that of R. pseudoacacia, most likely because P. koraiensis and P. tabulaeformis are evergreen species, and in these stands, the litter layer was relatively thin and hardly decomposed, while Q. variabilis, as a broad-leaved species, had a thick litter layer and, therefore, a higher soil water content. The soil water content of the mixed forest site was 12.63%, being 8.16% lower than that of the R. pseudoacacia stand, which might have been caused by mulching. Soil water content followed the order R. pseudoacacia > mixed forest > L. gmelinii > P. koraiensis > P. tabulaeformis. Generally, the values first increased and then decreased with increasing soil depth, most likely because of evaporation in the 0-40-cm soil layer. With increasing soil depth, evaporation decreased, resulting in a higher soil water content. At 60-100 cm, the soil water content decreased with increasing soil depth, which may be due to the decreased water infiltration into the deeper soil layers. Similarly, the soil water storage significantly differed among the five forest sites (Figure 7) . Similar to the variation patterns of soil water content, soil water storage is also affected by soil bulk density [43] . The R. pseudoacacia stand had the largest soil water storage (178.9 mm), which was 43.9% higher than that of the P. tabulaeformis stand (124.3 mm), which showed the lowest value ( Figure 7 ). Soil water storage followed the order R. pseudoacacia > mixed forest > L. gmelinii > P. koraiensis > P. tabulaeformis. Cao et al. also found that the soil moisture under broad-leaved deciduous forest was higher than that under evergreen coniferous forest, most likely because of the high shading effect of broad-leaved tree species, lowering soil evaporation [44] . However, the five forest types could also absorb soil moisture in different soil layers, resulting in differences in soil moisture. Because the data of soil moisture in this study were from June to August with more precipitation, the above explanation may be biased. Long-term measurements on soil moisture dynamics and evapotranspiration are needed, in order to gain a better understanding of the soil water changes on different species.
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Variation in Soil Organic Matter under Different Forest Types
Soil organic matter is an important indicator of the soil nutrient content [45] . The levels of soil organic matter differed among the five forest types (Figure 8 ). In the R. pseudoacacia, mixed forest, and L. gmelinii sites, the levels were 0.23%, 0.22%, and 0.22%, respectively, without significant differences. In the P. koraiensis site, the soil organic matter level was thelowest one (0.17%), which was 23.47% lower than that of the R. pseudoacacia site, while the P. tabulaeformis site showed a content of 0.19%, which was 11.76% higher than that of P. koraiensis and 21.73% lower than that of R. pseudoacacia. Most likely, this is because P. koraiensis and P. tabulaeformis are evergreen species and produce low amounts of litter, which only decomposes slowly; in contrast, R. pseudoacacia, a broadleaved species, produces large amounts of litter with a high organic matter content. In natural forest ecosystems, the decomposition of litter into soil organic matter may be the main reason for the increase in soil organic matter [46] . In our study, the five forest types had a stand age of about 50 years, with a similar length of time to accumulate organic matter. The levels decreased with soil depth, most likely because of the lower litter amount in the deeper soil layers. Similar results have been found previously [47] . 
Soil and Water Conservation Function
The value of the comprehensive evaluation directly reflects the water conservation capacity of different forest types [48] . The larger the comprehensive evaluation value, the higher the effect of the corresponding water conservation capacity [49] . According to Table 3 , the conservation function of the five forest sites followed the order R. pseudoacacia (0.8215) > mixed forest (0.8043) > L. gmelinii (0.6875) > P. koraiensis (0.4912) > P. tabulaeformis (0.3891). This indicates that broad-leaved or mixed forest stands have a better water conservation function than coniferous stands. Regarding the indicator value, the greater the correlation value of the evaluation indicators, the greater the impact of the corresponding indicators on the water conservation function. The order of the correlation degree was BLwr (0.7046) > Lwc (0.5772) > Lwr (0.5392) > SWC (0.5378) > Ir (0.5128) > SWS (0.4874) > SOM (0.3333). The BLwr is one of the most important factors affecting water conservation, while the soil nutrient content has the least influence. Broad-leaved or mixed forest stands are, based on our results, ideal for the study region in terms of water storage. This implies that broad-leaved species should preferentially be planted to enhance water conservation. In the initial phases of such plantings, irrigation can be applied to increase canopy biomass and achieve the maximum water conservation capacity. Table 3 . Correlation degrees and correlation coefficients of each evaluation index. BLwr, Lwc, Lwr, Ir, SWC, SWS, SOM are the water-holding rate of branches and leaves, water-holding capacity of litter, water absorption rate of litter, infiltration rate of soil, soil and water content, soil water storage, and soil organic matter, respectively. The parameter ri and Wi indicate the degree of gray correlation and the coefficient of variation, respectively. 
Forest Types
Conclusions
Based on our results, the R. pseudoacacia stand showed the highest soil water storage capacity of 178.9 mm, while the lowest one was found for the P. tabulaeformis stand (124.3 mm). Soil water storage and water conservation capacity of the five forest sites followed the order R. pseudoacacia > mixed forest > L. gmelinii > P. koraiensis > P. tabulaeformis. We found significant differences in the water conservation capacity among the five forest types. The main factors affecting the water conservation of a stand are canopy water-holding capacity and litter water-holding capacity; broad-leaved and mixed forest stands had a higher water absorption capacity than coniferous stands. In the initial phases, the canopy biomass of a stand needs to be increased to achieve optimal results. The most suitable forest types in the study area are R. pseudoacacia or mixed forest stands; ideally, coniferous forests with a low water conservation capacity are transformed into R. pseudoacacia stands to effectively improve water conservation in the area., Long-term measurements on water conservation function of forests soil moisture in future are needed, since only three months of data were used in this study.
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